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1 
This invention relates in geneïal fo systems  
for controlling the relative speed of rotation of 
a mill and a reel, and in particular fo systems 
for limiting the maximum speed of rotatïon of 
a reel relative to the speed of the associated 
mill. 
In rolling mflls where a strip of material is 
threaded, i. e., is secured to a reel after passing 
through the rolls of the mill, if is desirable to 
limit the speed of the reel during this thread- 
ing operation t0  value slightly higher thal 
the speed of the rolls feeding the strip to the 
reel. Prior systems of this type utilize two 
tachometer generators fo furnish voltages pro- 
portional fo the speeds of the reel and the rolls 15 
respectively. During threading, if the voltage 
proportional to the speed of the reel exceeds 
the voltage proportional to the speed of the rolls, 
a speed limiting voltage is supplied, in a direc- 
tion to decrease the speed of the reel, fo a field 20 
winding which controls the speed of a motor 
di-iving he reel. 
Such systems usually provide an additional 
field winding, the excitation of which is varied 
fo vary the tension in the strip as if is winding 25 
on the reel, and the speed of the reel during;- 
threading is proportional fo the difference be- 
tween the excitations ' of the two field windings. 
Such systems have the disadvantage that varia- 
tions in the excitation of the tension adjusting 30 
field winding during winding operation vary the 
net excitation of the two field windings during 
subsequent threadin and cause the reël then 
to be driven af a speed dependent upon the 
excitation of the tension adjusting field wind- 35 
ing. These systems are unsatisfactory because - 
if is desirable fo have the reel run af a con- 
stant speed duririg threading regardless of the 
excitation of the tension adjusting-field wind- 
ing. 40 
These disadvantages can be overcome by modi-  
fying the difference-between the voltages of he 
tachometer generators simultaneously with var- 
. iations in the excitation of. the tension adjusting 
field wLuding so as fo maintain, a. predetermined 45 
net. excitation of- .the. field windings during r 
threading and thereby .cause the reel then to 
run  at a constant speed for all varying ad]ust- 
ments of the tension in the strip. 
It is therefore an 0bject of this invention fo 50 
provide a system for controlling the speed of a   
reel during threading of a strip in which var- 
iations in the tension setting of the strip dur- 
ing windin are ineffective fo vary the speed 
of the ree! during threading. 55 
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it is a further. 0bect of-this invention fo 
provide a system for controlting a reel differ- 
entia!ly responsive to a speed limiting .voltage 
and a setting voltage during threading and dif- 
5 ferentially responsive to the setting voltage and 
a balancing oltage duïng winding Lu which 
adjustments of the speed limting voltage and 
of the setting voltage are. so effected as. to main- 
tain the speed of the reel at a predetermined 
10 value during threading..- 
Objects and advantages other than those 
stated aboe.will be apparent.from the follow- 
ing description when read .in cormection with 
the accompanying drawing..,  
The single, figure of the dïaw-ing diagrammati- 
cally illustrates .one-:embodiment of the inven- 
tion utilizing a--magnetic-amplifier to control 
the reel motor. 
leferring fo the drawing, he invention is 
shown applied fo the control of. the speed of a 
reel a to-which a strip of material. 2 is.fed from 
a work device such as the rolls .I of, the last 
stand- oî a rolling mill. leel 3 is driven by a 
motor  which is supplied with current from a 
generator 6 in a closed loop circuit. Generator 
6 is provided with a field windLv.g 6a which is 
energized by an exciter generator 9. Exciter 
generator 9 is-provided with four field windings 
a, 9b c and 9d, the energization of which 
determines the óutput voltage of exciter 9. 
Field winding 9a is connected across an in- 
terpole winding I I of motor  to be- thereby en- 
ergized by a balancing voltage which is a meas- 
ure of the armature current of motor . Field 
winding 9b is energized with a setting voltage 
from any suitable source such as a battery I2 
through a voltage divider I3; the magnetomotive 
force of winding 9b is, in- a .direction fo oppose 
the magnetomotive force of field winding 9a. 
The adjustable,tap of voltage divider I may 
be moved back and forth to raise or lower the 
tapped voltage supplied to field winding b. 
Voltage divider I therefore constitutes rheostat 
means for producing a voltage variable in either 
of two senses. Field-winding  is energized 
from the direct current terminals of a full wave 
rectifier II and is connected to aid the magneto- 
motive force of field winding 9a and fo op- 
pose the magnetomotive force of field .winding 
b. Self excited field winding 9d is connected 
across the armature ' terminals .of exciter gen- 
erator 9 to provide the greater part of the ex- 
citation for exciter 9 
lolis 4 of the mill. are driven by an electric 
motor   which is supplied with current by a gen- 
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erator |6 in a closed loop circuit. A field wind- resistance by-pass for rectifier 4 and causes the 
ing |a of generator 6 is supplied with adjust- major part of the no load current of windings 
able excitation from source |2 through an ad- 34 and 3 to traverse resistor 38 rather than 
justableresistor ]1. rectifier ]4 and winding gc. Capacitor 3 . and 
To supply a voltage proportional to the speed 5 resistor 36 therefore both function to reduce the 
of reel 3 and motor 5, any suitable means such excitation of winding 8c to a negligible value 

as a tachometer generator | driven by motor 5 
is provided. To supply a voltage proportional 
to the speed of the strip -, a second tachometer 
generator 22 is connected tobe driven by motor 
|5. Tachometer generators 2| and 22 are inter- 
connected so that their respective output volt- 
ages oppose each other. Connected in the cir- 
cuit of tachometer generators 2| and 22 is a por- 
tion 23 of a voltage divider 24 energized from 
any suitable a]ternating current source such as 
a generator -5 through a suitable fu]l wave rec- 
tiiïer -6 for providing a bias voltage. Owing 
to the connection of rectifier 2U, the tapped volt- 
age of voltage divider portion 23 is of a po]arity to 
aid the voltage of generator 2 |. A rectifier -7 is 
also connected in series with generators -| and 22 
and is so poled as to allow current to fiow be- 
tween the generators only when the sure of the 
voltages of generator -] and voltage divider por- 
tion 23 exceeds the voltage of generator 22. 
The adjustable tap on voltage divider -4 pro- 
rides means for raising or ]owering the tpped 
voltage of voltage divider 24 to modify the dif- 
ference between the voltage of generator -2 and 
the sure of the voltage of generator 2| and of 
the tapped voltage of voltage divider 24 in either 
of two senses. The adjustable taps on voltage 
dividers 3 and -4 are provided wih a common 
actuating means 2, to provide simultaneous 
operation of both voltage dividers. In the em- 
bodiment illustrated, movement of the common 
actuating means varies the tapped voltages of 
both voltage dividers in the saine sense, that 
is, increases both vo]rages or decreases both volt- 
ages, but it wi]l be apparent that the voltages 
could be ruade to vary in opposite senses if 
desired. 
Connected to be energized by the difference 
between the joint voltage of generator 2| and 
voltage divider portion 23, and the voltage of 
generator 22 only when the former voltage ex- 
ceeds the latter voltage are the control windings 
29 and 3{} of a variable impedance device such 
as a saturable reactor 3. Reactor 3| is also 
provided with two sirai]ar cotes 32 and 3 and 
a pair of reactance windings 3 and 35. !e- 
actance windings 34 and 3 are energized from 
any suitable a]ternating current source such as 
generator 25. 
Variations in the current in contro] windings 
29 and 3} of reactor 3| operate in a wel] known 
manner to vary the saturation of cotes 2 and 
33 and produce amplified variations in the cur- 
rent of windings 34 and 3. This current is 
rectifled by rectifier |4 and supp]ied fo fie]d 
xvinding 9c to tender winding 9c energized by 
a contro] voltage only when the sure of the volt- 
age of generator 2| and the tapped voltagè of 
voltage divider 24 is greater than the voltage 
of generator 22. 
A capacitor 31 connected across reactance 
windings 4 and 3 produces a resonant circuit 
with these windings when no current traverses 
control windings 28 and 3{}, thereby increasing 
the impedance offered to current from source 
 and reducing the current of windings 34 and 
3 and field winding 9c under such conditions. 
A resistor 36 connected across the a]ternating 
çurrent terminals of rectifier 4 provides a low 

when no current flows in control windings 2. 
and S0. 
In operation of the system, generators 9,  
10 and | are driven by any suitable motive power 
sources (hot shown). With generators ,  and 
|5 being driven by their respective motive power 
sources and before a strip enters the mfll, the 
voltage of field winding |6a is reduced through 
1 adjustable resistor |1 to reduce the output volt- 
age of generator | 6 and consequently cause motor 
|5 to run at a speed betow normal. The output 
voltage of generator 9 builds up through the 
action of field windings 9b and 9d to cause 
20 generator 6 to produce an increasing output voit 
age and thereby cause motor 5 fo accelerate. 
For the purpose of this explanation it will b8 
assumed that rnotors  and |-3 opeïate at the 
saine speed during winding of the strip on the 
. reel, although in practice such is not a]ways 
the case. 
The strip 2 is then fed through rotating rolls 
4 and secured fo reel 3. During this so-catled 
threading operation it is desired to Iinit the 
0 speed of motor 6 to a value s]ightly higher than 
that of motor |5. With no strip winding on 
reel 3, the current through the armature and 
interpole winding | | of motor  is ery smaI1 and 
field winding a is consequently energized to a 
$ negligible extent. 
When the speed of motor  is be]ow the speed 
of motor |5, the sure of the voltage of generator 
2| and of the tapped voltage of voltage divider 
24 is lower than the voltage of generator 22, 
40 and rectifier 21 blocks any flow of current be- 
tween the generators. With no current fiowing 
through contro] windings 29 and  of reactor 
3|, fleld winding c is energized only to a neg- 
ligib]e extent and motor  wi]l continue to ac- 
4 celerate unti] ]imited by saturation of machines 
9 and 6 or limited by the action described below. 
if the speed of motor 6 tends to increase above 
the speed of motor |5, the sure of the voltage of 
generator 2| and of the tapped voltage of volt- 
e0 age divider 2.4 exceeds the voltage of generator 
22, and current fiows through contro] windings 
29 and 3}. Such cum'ent fiow causes the volt- 
a.ge drop of reactance windings 34 and 35 to 
decrease, so that generator 25 impresses a volt- 
 age on fie!d winding c through rectifier |4. 
This rectified voltage applied to winding ,9c, be- 
ing of a po]arity to oppose the action of field 
windings 9b and d, decreases the net excitation 
of machine 9 and causes a decrease in speed of 
60 motor . The voltage of generator -f accord- 
ingly decreases, reducing the voltage applied to 
control windings 2 and 3} and thereby reducing 
the voltage impressed on winding 9c through rec- 
65 tifler |4. Winding 9c continues to be energized 
by a voltage sufficient to limit the net excitation 
of machine 9 so as fo ]irait the speed of motor  
fo a predetermined value during threading, lield 
windings b and 9c therefore constitute means 
70 differentially responsiv to two voltages for limit- 
ing the speed of motor 6 to a predetenuined value 
dependent on speed of motor |5, during the 
threading operation. 
When the threading is completed and the strip 
7 starts to wind on the reel 3, motor  slows down 
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under this  load on- the- reel increasing, the. cur- flcatio of .the differetial voltage pplied o co 
renç in he aure and-inerP o1- [[ oï moor roI nngs 4 nd  b volge vider 4. 
B -and decrein çhe- spoed or geeror  [.- This cio wfll limi he ne exciion 
With increased current in interpole.winng.- , mchine  ding the threng opertion nd 
the excitation- of-field winding. $ is increased, 5 will consequently mit the speed of machine 
and with- a decrease, in.the speed of generator and reel $ to a predetermined value de.halent 
 . below the speed of generator  «field winding on mill speed, during threading regaroeess of the 
$cis deenergized.- is action of field nngs settingof voltagediider I$. 
« and $c provdes a smooth trnsf.ez.of the con- .Although but one emboent of the present 
trol of reel .$ from speed matching for the ]0 .invention has been. shown and described, it will 
thzeading operation, to. tension re-lting for be apparent  those:skïlled.in the:.that various 
the winding operation.- chng and modificatio may be me therein 
As the strip is winding.on .the,zeel, fhe» tension without departing from the spirit of the inven- 
in the strip is contolled by the diffrentia, action tion oç .from the scope of the appended claims. 
of fieldwindings- «:.anoE $5 Varïa.tions in the 15 I palticular,- while tNe embodent of the in- 
,tension of. the strip. pnoduceï variati0ns in the 7entiOn- illustrad relates  the control of the 
cuzïent lin interpole inng.   and  theneby vary speed of a reeI during theang of a strip of ma- 
the.balncingvoltge:appdto Winng 9«so-as . rial  on the reei preparatory to winng the 
toE mainta the: tension  substntially .constant. ,strip on the reel« it will Be apparent that the 
Chanesin thedesired tension of thé.strip ding 20 vention could be applied to the control of the 
windingmay be , made bFvarying" the pósition of relative speeds of any rotating objects 
the adjustable..tp of voltge, Ader  to: vary 

the- excitation, of .field .winding 91Je The- field 
windings of machine 9 are therefore differentiall 
responsive to two voltages for controlling the 
tension in strip 2 as the strip is winding on the 
reel. 
When the end of the strip leaves the rolls 4, 
the-reel 3 is stopped and the wound strip removed 
from reel 3. The reel is then started again and 
will accelerate to match the mill speed as de- 
scribed above. If the position of the adjustable 
tap of voltage divider |3 were varied without 
varying the adjustment of voltage divider 24 to 
vary the tensionin the strip while the' str-ip is 35 
winding on the reel, when the next strip is 
threded into the mill the magnitude of the cur- 
rent- through field winding 9b would be different 
from the magnitude of the cur-rent in winding 9b 
during .the previous threading operation. If the 40 
variation in current were an increase in field 
winding 9b, field, winding 9c. would have to  be 
energized bF a current higher than that required 
during, the previous threading operation to limit 
the-speed of motor 5 andreel 3. This requiement 
for increased current in field- 9c would require 
the generator 21  to run at a bicher speed in order 
to produce increased excitation of field winding. 
Sc and would result in the speed of motor 5 being 
limited at a higher value than that for the pre- 
vious threading operation. 
This invention provides means for limiting the 

I-is claimed and desired to secure-by Letters 
Patent: 
1. In a system for controlling the speed of a 
25 reel to, which a strip.of material is fed from a 
work device the combination of-a dynamoelec- 
tric machïne for driving  sa-id reel, a first eld 
winding for controlling .the power- delivered to 
said dynamoelectric macaine, means for produc- 
30 ing a flrst voltage proportional fo the speed of 
said machine and of said reel, means for produc- 
ing a- second voltage proportiorfal tö the speed 
of said strip, a second field winding " energized by 
a cóntrol voltage depending upon the difference 
between said first and second voltages only when 
the values of said first and second voïtages are 
in a predetermined relation, said second field 
winding being cormected to oppose said fizrst field 
winding te cause the speed of said reel- te have a 
predetermined value relafivé to the speed of said 
strip previously fo winding Said strip on said reel, 
rheostat means for adjusting the excitation of said 
first field winding,, a rheostat for modifying said 
control voltage, and means for operating said 
45 rheostat simultaneously with said rheostat means 
fo vary the tension of said strip during winding 
and cause the speed of said reel to return to said 
predetermined value when said strip leaves sid 
work device. 
b0 2. In a system for controlling the speed of a 
reel to which a .srip of  material is fed from a 

speed of the reel to the same speed during work dvice, the combination of a dynamoelec- 
threading for .all settings of voltage divider |3. ' tric machine for drilng.said reel, means for pro- 
ducing a first voltage proportional to the speed 
Such means include the common actuating 5 mears for producing.a second voltage 
means 28 for the adjustable taps on voltage di- of.said reel, 
vïders | 3 and 24. Owing to .this common actuat- proportional to the speed of said strip,.means for 
ing means, when the voltage supplied to field producing a control voltage depending on the 
winding 9b is varied by adjusting the tap of volt- difference between said first and said second 
age divider 13, the voltage of voltage divider 24 60 voltages only when the values of said fizrst and 
is varied in the same sense to vary the voltage second vo!tages are in a predetermined relation, 
supplied in series with the voltage of generator rheostat means for producing a third voltage 
2! and thereby modify the differential voltage variable in either of two senses, field winding 
applied fo control windings 29 and 39. If the means differentially responsive to said control 
voltage supplied to field winding 9b by voltage 65 voltage and said third voltage for controlling 
divider |3 is increased, the voltage supplied in the power delivered to said machine, a rheostat 
series with generator 2 | by voltage divider por- for modifying said control voltage in either of 
tion 23 is simultaneously increased, increasing two senses, and means for operating said rheostat 
the differential voltage applied to control wind- simultaneously with said rheostat means to vary 
ings 29 and 3 and consequently increasing the ï0 said control voltage and said third voltage in 
control voltage applied fo field winding 9c. the same sense to cause the speed of said machine 
Voltage dividers |3 and 2 and field windings to be in a predetermined relation to the speed of 
9 and 9c are so designed that the variation in said strip independently of variations in said 
the voltage supplied to field winding 9 by volt- third voltage. 
age divider |3 are compensated for by the modi- 75 3. In a system for controlling the speed of a 
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reel fo which a strip of material is æed ærom a 
work device, the combination of a dynamoelec- 
tric machine for driving said reel, means con- 
nected with said reel for producing a first voltage 
pïoportional fo the speed of said reel, means con- 5 
nected with aid work device for producing a 
second voltage pïopoïtional to the speed of said 
work device, means connected with the first and 
second said means for producing a control volt- 
age depending upon the diffeïence between said 10 
first voltage and said second voltage only when 
the magnitudes of said tiret and said second 
vo]rages are in  predetermined relation, means 
for producing a thiïd voltage oæ constant magni- 
rude, means cormected with said machine 
sponsive to the cuïrent in said machine for pro- 
ducing a fourth voltage, first field winding means 
diffeïentially responsive to said third and fourth 
voltages for contro!ling the power delivered to 
said machine to maintain tension in said strip 20 
during winding of said strip on said reel, second 
fie]d winding means ïesponsive to said control 
voltage cooperating with said fin'st field whuding 
means for causing the speed of said reel to bave 
a predetermined value relative to the speed of 
said work device belote winding of said strip on 
said reel, rheostat means for varying the value 
of said third vltage fo vaïy the tension in said 
strip during said winding, a rheostat for varying 
the value of said contïol voltage, and means for 30 
operating said rheostat simultaneously with said 
rheostat means to return the speed of said reel 
fo said predetermined value independently of 
variations in said third voltage after completion 
of windlng of said strip on said reel. 35 
4. In a system for controlling the speed of a 
reel fo which a strip of material is being fed from 
a work dedce, the combination of a dynamoelec- 
tric machine for driving said reel, means for 
producing a first voltage proportional to the 
current in said machine, means for producing a 
second voltage of adjustable constant value, first 
field wding means differentially ïesponsive to 
said first and said second voltage for controlling 
the power delivered to said machine to maintain 45 
tension in said strip during winding of said strip 
on said reel, means for producing a third voltage 
proportional fo the speed of said reel, means for 
producing a fourth voltage proportional to the 
speed of said strip, means for producing a bias 5o 
voltage, means for producing a fifth voltage equal 
to the sure of said third and said bias voltages, 
variable impedance means differentially respon- 
sire fo said fourth and said fifth voltages only, 
when said fifth voltage exceeds said fourth volt- 
age for producing a control voltage, second fleld 
winding means differentially responsive to said 
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second and sad control voltages cooperating 
with said first field winding means for causing the 
speed of said machine and said reel to bave a 
predetermined value relative to the speed of said 
strip during threading operation, rheostat means 
for varying .said second voltage to vary the ten- 
sion in said strip during said winding, a rheostat 
for varying said bias voltage fo vary said iontrol 
voltage, and means for operating said rheostat 
simultaneously with said rheostat means to main- 
tain the speed of said reel during threading at 
said pïedetermined value independently of varia- 
tions in said second voltage. 
5. in a system for controlling the speed of a 
reel to which a strip of material is fed from a 
work device, the combination of a dynamoelec- 
tric machine for driving said reel, means con- 
nected to said machine for producing a first 
voltage proportional to the speed of said reel, 
means cormected to said work device for produc- 
ing a second ioltageproportional to the speed 
of said work device, means for producing a bias 
voltage, variable impedance means differentially 
responsive to said second voltage and the sure 
of said first and said bias voltages on!y when the 
sum of said bias voltage and said tiret voltage 
exceeds said second voltage for producing a con- 
trol voltage, means for producing a setting volt- 
age, field winding means for controlling the Power 
delivered to said machin differentially respon- 
sire fo said setting voltage and said control volt- 
age ïoï causing the speed of said reel to bave 
a predetermined value relative to the speed of 
said work device belote winding of said strip 
on said reel, means connected to said machine 
for producing a balancing voltage pïopoïtional 
to the current in said machine, said field winding 
means being differentially responsive to said bal- 
ancing and said setting voltages for controlling 
the tension in said strip during winding of said 
strip on said reel, rheostat means for varying 
said setting voltage to vaïy the tension in said 
strip during said winding, a rheostat for varying 
said control voltage, and means for operating 
said rheostat simultaneously with said rheostat 
means fo maintain the speed of said reel at said 
predeteïmined value after winding of said strip 
on said reel. 
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